Hypercholesterolaemia is a common finding in patients with anorexia nervosa (AN). To investigate the type, frequency and pathophysiological mechanisms of changes in lipoprotein metabolism in AN we performed a cross-sectional study in fifty-eight female patients (mean age 24·2 years, BMI 15·3 (SD 1·5) kg/m 2 ) and fifty-eight healthy age-matched controls (CO; BMI 22·2 (SD 1·7) kg/m 2 ). Total cholesterol and LDL-cholesterol were higher in AN (5·5 (SD 1·3) v. 5·0 (SD 0·8) mmol/l, P¼0·023; 3·6 (SD 1·1) v. 3·2 (SD 0·7) mmol/l, P¼0·025 respectively). LDL particles were significantly more enriched in cholesterol and triacylglycerol in AN. In multiple regression analysis with LDL-cholesterol as the dependent and BMI, total body fat ( %), lathosterol:cholesterol ratio (endogenous cholesterol synthesis), 7a-hydroxy-4-cholesten-3-one (bile acid synthesis), non-esterified glycerol, free triiodothyronine and free thyroxine as independent variables, BMI was the only significant predictor in CO (R 2 0·36, overall P¼0·001). In AN the variability of LDL-cholesterol was significantly predicted by total body fat, free thyroxine, BMI, free triiodothyronine and non-esterified glycerol (R 2 0·55, overall P,0·001). Subgroup analysis between restricting (AN-R) and binge-eating -purging patients (AN-B) indicated that in AN-R changes in lipoproteins, BMI and total body fat were more pronounced. AN-R patients had lower bile acid synthesis than AN-B (P¼0·02). We conclude that elevated cholesterol concentrations in AN are generally due to an increase in LDL-cholesterol, which is mostly determined by the severe loss of body fat and the resulting changes in thyroid hormones, increased lipolysis and decreased endogenous cholesterol synthesis with resulting decrease in LDL removal. The clinical subtype of AN plays a major role in the mechanisms leading to hypercholesterolaemia.
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Anorexia nervosa: Lipoprotein metabolism: Hypercholesterolaemia
Anorexia nervosa (AN) is a psychiatric disease with a high incidence in young women. Its main characteristic, selfinduced weight loss, causes abnormalities in a number of organ systems and in multiple metabolic pathways and results in significant changes in body composition with severe loss of body fat. As a surprising metabolic consequence, elevated serum cholesterol (Chol) levels are often found, as first described by Klinefelter (1965) and later confirmed by several other authors Crisp et al. 1968; Mordasini et al. 1978) . The food intake of these patients is usually hypoenergetic; the food consumed has a higher proportion of energy from protein and lower proportions from carbohydrate and fat compared with that consumed by control subjects. Thus, a low concentration of total Chol and LDL-Chol in serum would be expected. The precise mechanisms underlying the increases in blood lipids are unknown, but a number of assumptions have been made. For instance, it was suggested that a diet rich in Chol or that carbohydrate binging in bulimic patients Crisp et al. 1968; Mordasini et al. 1978) might be responsible. Nestel (1974) proposed that hypercholesterolaemia may reflect reduced Chol and bile acid turnover, and Mordasini et al. (1978) showed increased amounts of LDL as the major component of elevated Chol and suggested that they result from substantial mobilization of body fat for energy supply.
According to a recent long-term follow-up study, the mortality from AN (which is mainly related to undernutrition) is significant (Zipfel et al. 2000) . The contribution of cardiovascular complications to the causes of mortality are unclear, but since increased total Chol and LDL-Chol levels are associated with an elevated risk for arteriosclerotic diseases, it is of clinical interest to investigate the type and frequency of lipoprotein disorders in AN in more detail. Moreover, it would be desirable to have better insights into the basic mechanisms that lead to changes in lipoprotein metabolism.
Due to specific characteristics of the disease, long-term studies documenting dietary intakes, applying controlled dietary regimens or performing invasive sampling are very difficult to carry out. In order to achieve reliable data and a reasonable sample size, we decided that a cross-sectional study design with differential metabolite assessment of lipid metabolism would be most appropriate. We therefore designed a case -control study in fifty-eight anorexic women who were age-and height-matched with fifty-eight healthy women serving as the control group (CO). The aim of the present study was to determine the lipoprotein profile in AN compared with CO, with LDLChol as the primary study variable, as well as to study mechanisms leading to changes in LDL-Chol levels. Therefore, we investigated multiple variables of lipoprotein metabolism and composition, Chol metabolism, eating behaviours, body composition and endocrine functions.
Experimental design

Study design
The present multi-centre study was performed in white women and had a cross-sectional case -control study design. Each participant was examined once. First, the patient or volunteer had to complete a questionnaire about her disease history: menstruation, self perception of the body, influence on life of eating behaviour, eating habits, regulation of body weight, binges and purging behaviour, intake of medications and hormones. This was followed by measurements of pulse rate, blood pressure, body temperature, height and weight, and by bioelectrical impedance analysis. Thereafter, a fasting blood sample (about 70 ml) was taken in a sitting position after about 15 min of sitting.
Experimental subjects
Fifty-eight patients with AN, age range from 14 to 55 (mean 24·2) years, were studied. The women were diagnosed according to the International Classification of Diseases Code 10 and Diagnostic and Statistical Manual of Mental Disorders, American Psychiatric Association IV criteria, and had BMI # 17·5 kg/m 2 . Known somatic causes for malnutrition and other diseases that could interfere with the inclusion criteria of the study were excluded by history. All patients were examined before initiating psychotherapy and all were hospitalized at the time point of the examination. They were recruited through collaboration with eating-disorder management programmes in three centres in Germany. All participants were postmenarchal. Thirty-four patients (59 %) had had secondary amenorrhoea for at least 3 months. Twenty-three patients (40 %) were taking oral contraceptives to regulate their menstrual cycle. The information on hormone intake was missing in one case. The patients were divided in two groups according to Diagnostic and Statistical Manual of Mental Disorders IV criteria: (1) the 'restricting type', which has not regularly engaged in binge-eating or purging behaviour (i.e. self-induced vomiting or the misuse of laxatives, diuretics or enemas) during the current episode of AN (AN-R, n 30); (2) the 'binge-eating -purging' type that has regularly engaged in binge-eating or purging behaviour (i.e. self-induced vomiting or the misuse of laxatives, diuretics or enemas) during the current episode of AN (AN-B, n 28).
CO consisted of fifty-eight healthy women (age range 17-53 (mean 25·5) years), who were pair-matched according to age (^3 years) and height (^0·04 m). Recruitment of CO was done by local publicity. The examination was arranged after an initial telephone interview asking for weight, height, age and information on the ovarian cycle. Inclusion criterion was a BMI 20-25 kg/m 2 . None of the CO had a history of AN, other eating disorders, recent changes in body weight, obesity or any other metabolic disturbances that could interfere with the study objectives. They were examined between the 5th and the 12th day of their ovarian cycle (follicular phase) to control for the effects of cycle stage on biochemical, hormonal and body composition variables. None had secondary amenorrhoea. Thirty-one were taking oral contraceptive agents (53 %).
Ethical approval for the study protocol was granted by the Ethics Committee, Faculty of Medicine, University of Bonn. Written informed consent was obtained from each subject after the purpose and procedures of the study had been explained. The study was conducted in accordance with the guidelines proposed in The Declaration of Helsinki.
Body variables and anthropometrical methods
The clinical measurements included the determination of body axillar temperature, blood pressure and pulse rate, and height and weight using standard research methods. To determine body composition, as fat-free mass (kg, %), total body fat (TBF; kg, %) and total body water (kg, %), we used bioelectrical impedance analysis (Multi Frequency Analyzer B. I. A. 2000-M; Data Input, Hofheim, Germany) in combination with the manufacturer's software Nutri4.
Laboratory methods
Lipoproteins. Blood was drawn from a large antecubital vein after a short tourniquet time, centrifuged immediately; lipoproteins were assayed on the same day. VLDL, LDL and HDL were separated using sequential density ultracentrifugation of serum (500 ml). Chol was measured as total Chol in serum and in VLDL and LDL lipoproteins (VLDL-Chol and LDL-Chol) using the CHOD-PAP enzymatic colorimetric kit (Boehringer Mannheim, Mannheim, Germany). HDL-Chol was determined with the same kit after precipitation of ApoB-containing lipoproteins with phosphor tungstic acid (Boehringer Mannheim). Triacylglycerol (TG) was measured in serum and in VLDL, LDL and HDL fractions (VLDL-TG, LDL-TG, HDL-TG) using the GPO-PAP enzymatic kit (Boehringer Mannheim).
Non-cholesterol sterols. The plant sterols campesterol (24-methyl-cholesterol) and sitosterol (24-ethyl-cholesterol) , and the endogenous Chol precursor lathosterol, were determined by GLC as previously described (Björ-khem et al. 1987) . Data are expressed as mg/mg Chol. 7a-Hydroxy-4-cholesten-3-one (7a-HCO) was determined in serum using HPLC as previously described by Axelson et al. (1988) .
Other lipid variables. Determination of the ApoB concentrations was done in total serum and in VLDL and LDL lipoprotein fractions using kinetic nephelometry with the Beckmann-ARRAY w -360-System (Beckmann Instruments, Munich, Germany). The analysis of lipoprotein(a) was performed with an ELISA test kit (Immuno, Heidelberg, Germany). Serum concentrations of NEFA were measured with a half-micro test and serum concentration of non-esterified glycerol with a UV-test (Boehringer Mannheim).
Fasting leptin concentration was measured using the DSL-10-23100 ACTIVEe Human Leptin ELISA kit (Diagnostic System Laboratories, Webster, TX, USA). The sensitivity of this assay was 0·5 mg/ml and the interassay CV was 4·6 %.
The haematological, endocrine, clinical chemistry variables, coagulation tests and serum protein electrophoresis analysis were performed using routine laboratory methods in the Bonn University Clinical Chemistry core laboratory.
Statistical analyses
Statistical processing was done by computer using the SPSS/ PC 8.0.1 program (SAS Institute, Cary, NC, USA). Normality of variable distribution was assessed by the Kolmogorov -Smirnov test and by analysis of skewness and kurtosis. Values of the AN and CO were compared by Student's t test for parametric independent samples or MannWhitney U-test for non-parametric samples. A P value , 0·05 was regarded as significant. All tests were performed two-sided. Relationships between variables were determined by Pearson's correlation coefficient for parametric samples and Spearman rank correlation coefficient for non-parametric samples. Partial correlations were performed to describe the linear relationship between two variables while controlling for the effects of one additional variable. Multiple regression analyses were performed to determine the relationship of several variables to LDL-Chol concentrations. All results are given as means and standard deviations unless otherwise indicated. For comparisons between groups, mean differences and 95 % CI are shown.
Results
Clinical and body composition data
The clinical characteristics and anthropometric data of the fifty-eight women with AN and fifty-eight CO women are shown in Table 1 . The duration of the illness from its first manifestation ranged from 0·6 to 42·0 (median 4·3) months. The weight loss since manifestation of the disease was 12·3 Table 1 . CO, healthy control subjects; AN, patients with anorexia nervosa. * Student's unpaired t test (two sided). ,0·001
,0·001
Chol, cholesterol; TG, triacylglycerol; Lp(a), lipoprotein(a); 7a-HCO, 7a-hydroxy-4-cholesten-3-one.
* For details of subjects and procedures, see Table 1 and pp. 960-961. † Student's unpaired t test (two-sided). ‡ Values for non-Chol sterols are given as ratios (mg/mg) with Chol. 
CO, healthy control subjects; Chol, cholesterol; TG, triacylglycerol; Lp(a), lipoprotein(a); 7a-HCO, 7a-hydroxy-4-cholesten-3-one. * For details of subjects and procedures, see Table 1 and pp. 960-961. † Student's unpaired t test (two-sided).
‡ The values for non-Chol sterols are given as ratios (mg/mg) with Chol.
(SD 6·3) kg (29·2 (SD 16·0) %). There was no difference in body temperature and pulse rate, while AN patients had significantly lower systolic and diastolic blood pressure readings, and a lower BMR. Age and height were not different due to the matched pairs design. As expected, body weight, BMI (range: CO 20·0 -25·1, AN 10·6 -17·5 kg/m 2 ) and the related body composition variables were significantly different between the groups. There was no relationship between body weight or BMI and duration of the illness.
Comparing the subgroups of AN, AN-R patients had BMI values 4·5 % lower than AN-B patients (14·9 (SD 1·3) v. 15·6 (SD 1·6) kg/m 2 , P¼ 0·084). AN-R patients had significantly less TBF than AN-B (4·4 (SD 2·8) v. 6·3 (SD 3·1) kg, P¼ 0·015), corresponding to 28 % less TBF (10·1 (SD 5·8) v. 14·0 (SD 6·1) %, P¼ 0·016). In addition, changes in the % fat-free mass and % total body water were significantly more pronounced in AN-R than in AN-B patients (fat-free mass 86·0 (SD 6·1) v. 89·9 (SD 5·8) %, P¼ 0·016; total body water 63·0 (SD 4·4 v. 65·8 (SD 4·3) %, P¼ 0·016).
Lipoprotein profiles
The results of the lipoprotein analyses are given in Table 2 . Total Chol and LDL-Chol were significantly higher in the AN group as a whole compared with CO (þ 9 and þ 12 % respectively). In AN, 36 and 40 % of the total Chol and LDL-Chol values respectively were above the 75th percentile of the CO, while only 17 % total Chol and 12 % LDLChol levels were below the 25th percentile. AN had significantly higher LDL-TG concentrations (þ 11 %) than CO. The other variables were not significantly different between the groups. Comparing AN subgroups (Table 3) , AN-R had 20 % lower VLDL-Chol concentrations and 29 % lower VLDL-TG concentrations compared with AN-B. AN-R had 30 % lower VLDL-ApoB concentrations than AN-B.
Lipoprotein particle composition
Calculations of Chol:ApoB or TG:ApoB ratios is widely accepted in the estimation of particle composition, since a lipoprotein particle always contains only one molecule ApoB and a large but variable number of other lipid molecules. In doing so, we found that the ratios of serum total Chol:ApoB and TG:ApoB were virtually identical (Table 2 ). In LDL, however, we found significantly increased Chol:ApoB and TG:ApoB in AN (þ 45 and þ 46 % respectively), indicating more Chol and TG load per LDL particle. Similar changes, although not so pronounced, could be observed in VLDL composition (Table 2) . With regard to comparison of the AN subgroups (Table 3) , the TG:ApoB ratio in LDL was 28 % higher than in AN-R. Table 2 shows the comparison of variables of lipid metabolism for AN and CO. The concentrations of non-Chol ,0·001
Lipid metabolism variables
* For details of subjects and procedures, see Table 1 and pp. 960-961. † Student's unpaired t test (two-sided).
sterols in serum that can be used to evaluate Chol metabolism are expressed as ratios to Chol (mg/mg) to correct for relative changes in Chol concentrations. The ratio of lathosterol as indicator of Chol synthesis (Kempen et al. 1988 ) was significantly decreased (2 23 %) in AN compared with CO. The ratio of campesterol, an indicator of Chol absorption (Miettinen et al. 1990) , was significantly increased (þ 26 %) in AN patients. 7a-HCO, an indicator of bile acid synthesis (Axelson et al. 1988) , was not different between the two groups. Non-esterified glycerol concentrations were significantly decreased (2 25 %) in AN patients and leptin, as potential afferent signal of body fat stores that is produced mainly in adipose tissue (Auwerx & Staels, 1998) , was significantly reduced in AN (2 88 %). The comparison of the lipid metabolism variables between the AN-R and AN-B subgroups (Table  3) revealed significantly lower 7a-HCO levels in AN-R (2 31 %).
Endocrine variables
The results of the endocrine tests are shown in Table 4 . Cortisol was significantly increased in AN patients compared with CO (þ 20 %). Insulin and C-peptide were significantly lower (2 34 and 2 12 % respectively). There was no difference in thyroid-stimulating hormone concentrations, but free triiodothyronine (T3) and free thyroxine (T4) were significantly decreased (2 31 and 2 13 % Fig. 1 . Correlation between LDL-cholesterol and body weight ((A); healthy control subjects (CO) r 0·47, P,0·001; patients with anorexia nervosa (AN) r 0·1, P¼0·47), BMI ((B); CO r 0·54, P,0·001; AN r 0·10, P¼ 0·46) or total body fat ((C); CO r 0·36, P¼ 0·006; AN r 0·40, P¼0·002). B, CO; O, AN. For details of subjects and procedures, see Table 1 and pp. 960-961. Fig. 2 . Correlation between LDL-cholesterol and free thyroxine ((A); healthy control subjects (CO) r 0·13, P,0·35; patients with anorexia nervosa (AN) r 20·36, P¼ 0·006) or free triiodothyronine ((B); CO r 0·14, P¼ 0·29; AN r 0·23, P¼ 0·099). B, CO; O, AN; ---, upper and lower limits of normal range in laboratory. For details of subjects and procedures, see Table 1 and pp. 960-961.
respectively). Nine of the AN patients had free T3 values slightly below the lower range of normal (low T3 syndrome) and three had decreased free T4 values, but none had grossly decreased thyroid hormone levels or clinical evidence of hypothyroidism. All healthy controls were euthyroid. There were no significant differences between the AN subgroups.
Univariate regression analyses and partial correlations LDL-Chol in CO had a significant correlation with weight (r 0·47, P, 0·001), BMI (r 0·54, P, 0·001) and TBF ( %) (r 0·36, P¼ 0·006) (Fig. 1) . Partial correlation of LDLChol with BMI under control of TBF ( %) resulted in a significant relationship (r 0·44, P¼ 0·001), but the correlation of LDL-Chol with TBF ( %) under control of BMI did not become significant (r 0·034, P¼ 0·452). In AN, LDL-Chol correlated significantly with TBF ( %) (r 0·40, P¼ 0·002), but not with BMI (r 0·10, P¼ 0·46) or with weight (r 0·10, P¼ 0·47). Partial correlation of LDL-Chol to TBF ( %) was not significantly influenced by controlling for BMI but became stronger (r 0·50, P, 0·001), and the relationship of LDL-Chol with BMI reached a significant inverse correlation coefficient under control of TBF ( %) (r 2 0·33, P¼ 0·011). LDL-Chol correlated significantly inversely in AN with free T4 (r 2 0·36, P¼ 0·006) and weakly positively with free T3 (r 0·225, P¼ 0·099), but there were no significant relationships of both variables to LDL-Chol in CO (Fig. 2) .
Multiple regression analysis
We performed a multiple regression analysis with LDLChol as dependent variable and BMI, TBF ( %), r-lathosterol, 7a-HCO, non-esterified glycerol, free T3, and free T4 as independent variables. This model reached in the CO group a significance level of P¼ 0·0023, with a coefficient of determination R 2 0·362, F 3·993. BMI had the largest influence with a significance level P¼ 0·0011, while none of the other variables reached predictive significance, not even as a trend. In the AN group, the model reached a significance level P, 0·001, with R 2 0·545 and F 7·88. The most important predictor variables were TBF ( %) (P, 0·001) and free T4 (P, 0·001), but also BMI (P¼ 0·004), free T3 (P¼ 0·004) and non-esterified glycerol (P¼ 0·005).
Discussion
In the present case -control study in fifty-eight female patients with AN and fifty-eight healthy CO subjects we found elevated total Chol concentrations in AN compared with CO, as first reported by Klinefelter (1965) . The higher concentrations were based on higher LDL-Chol levels, as also described in previous studies (Mordasini et al. 1978) , but not confirmed by others (Arden et al. 1990; Mehler et al. 1998) . The mean difference between CO and AN in our present study was rather small, in contrast to markedly elevated Chol levels found in reasonably large cohorts in early reports in the literature (Klinefelter, 1965; Crisp et al. 1968; Mehler et al. 1998; Mordasini et al. 1978) . A high degree of selection of patients of certain subgroups in these studies could be the reason. The range of total Chol levels (3·65 -10·12 mmol/l) and of the LDL-Chol concentrations (1·97 -8·11 mmol/l) was larger than in CO (total Chol 1·17-5·10 mmol/l, LDL-Chol 2·82 -6·81 mmol/l), a phenomenon that has also been previously reported Halmi & Falk, 1981) . The metabolic causes for elevated LDL-Chol were unknown until now.
It is safe to say that increased endogenous Chol synthesis is rather unlikely to be responsible for the higher values in AN, because the lathosterol:Chol ratio, which is accepted as an indicator of whole-body Chol synthesis (Kempen et al. 1988) , was significantly lower in the AN compared with CO. This has recently also been reported by others (Feillet et al. 2000) , although in a smaller number of patients. Mordasini et al. (1978) suggested that the mobilization of body fat during phases of weight loss could be responsible for the higher LDL-Chol concentrations. Our present results support this hypothesis, because the results of our multiple regression analyses indicate that BMI and TBF ( %) are, besides the thyroid hormones and non-esterified glycerol, important predictor variables for the LDL-Chol levels, accounting for about 55 % of their variability. Furthermore, TBF seemed to be the most important independent variable in multiple regression analysis and under its influence the relationship between LDL-Chol and BMI in partial correlation analyses became significantly inverse. Thus, with lower BMI the LDL-Chol concentrations increased in AN. It is therefore conceivable that pronounced weight loss causes an increased flux of peripheral Chol to the liver, so that the hepatocytes are enriched with Chol and Chol synthesis is downregulated, as was shown in the present study. Earlier studies (Miettinen, 1968; Montoye et al. 1966) and more recent studies (Phinney et al. 1991) showed that phases of weight loss, which were always related to reduced energy intake, caused mobilization of Chol. Savendahl & Underwood, (1999) demonstrated that increased concentrations of Chol, LDL-Chol and ApoB in fasting non-obese adults were associated with weight loss. Other studies showed no change (Vaisman et al. 1990) or decreased (Gower et al. 2002) Chol concentrations. The contradictory reports can be explained by differences in time points of the examination of the subjects in the course of their disease (Phinney et al. 1991) and in gender, age, obesity, diet and state of health (Savendahl & Underwood, 1999) .
It can be assumed that an increased Chol flux to the liver reduced the activity of LDL receptors and the catabolism of LDL lipoproteins could be prolonged. Teng et al. (1983) showed that a reduced LDL catabolism influenced the content of Chol in LDL lipoproteins. Interestingly, the LDL-Chol:LDL-ApoB and LDL-TG:LDL-ApoB ratios were significantly higher in AN than in CO. This was more pronounced in AN-R patients, who also had significantly lower TBF compared with AN-B. In addition, the VLDL-Chol:VLDL-ApoB ratio was significantly higher in AN. In a case report of an AN patient with severe hyperlipoproteinaemia, a subnormal LDL receptor activity was found, together with high plasma LDL, which skewed to less dense fraction and Chol-rich VLDL (Homma et al. 2002) . The higher LDL-TG:LDL-ApoB ratio of our present AN patients could be explained by decreased TG hydrolysis because of decreased activities of hepatic TG lipase and/or lipoprotein lipase, probably because of loss of metabolically active peripheral tissues. In accordance with this hypothesis, Mordasini et al. (1978) found in a selected group of four patients with AN significantly decreased activities of both enzymes. Furthermore, we showed that AN patients had a significantly lower BMR than CO. Lipoprotein composition influences their susceptibility to oxidation. LDL-TG have been shown to correlate with their susceptibility to oxidation and with the overall severity and rate of progression of coronary atherosclerosis (Regnstrom et al. 1992) . Further investigation is necessary to prove if AN patients have altered lipoprotein composition and higher levels of oxidized LDL, which has been shown to play a pivotal role in the development of atherosclerosis (Regnstrom et al. 1992) .
Our findings of decreased free T4 and free T3 in AN patients in comparison with CO are in agreement with the findings of other investigators in AN (Tamai et al. 1986 ). In the AN group, free T4 correlated significantly inversely with total ApoB and LDL-Chol concentrations. It is known that decreased free T4 and/or free T3 concentrations are associated with elevated LDL-Chol levels (Diekman et al. 2000) , which is mainly attributable to decreased Chol catabolism (de Bruin et al. 1993) due to changes in LDL receptor activity (van der Wal et al. 1998) . It should be pointed out, however, that none of the subjects in our present study was clinically or subclinically hypothyroid, but low thyroid hormone concentrations are among the most powerful predictors for elevated LDLChol in AN, as indicated by the multiple regression analysis models.
The endogenous hormone insulin also influences LDLChol by modulation of the expression of LDL receptors (Duvillard et al. 2003) . In the present study, the correlation of insulin with LDL-Chol reached statistical significance only in CO, but not in AN (results not shown). Because of these results and the fact that the mean value of insulin in AN was in the normal range and only four AN patients had insulin levels slightly below the lower range, we do not suppose a significant effect of insulin on LDL-Chol concentrations in the present AN group.
The intake of hormones also affects lipoprotein metabolism (Wiegratz et al. 1998) . Comparison of AN patients taking or not taking oral contraceptives did not show differences of lipoprotein concentrations. In CO, the concentrations of TG, LDL-TG and HDL-TG were significantly higher in women who took hormones (results not shown). This demonstrates the influence of the oestrogens of the hormone preparations that have been shown to increase TG concentrations (Wiegratz et al. 1998) . For AN patients we suppose that an effect of hormone intake could not be demonstrated because of the stronger effect of metabolism changes due to undernutrition.
One of the most important aspects of our present study for understanding Chol metabolism in AN is the necessity to distinguish between subtypes of AN: AN-R and AN-B. As AN-B eat foods rich in carbohydrate and fat (and thus rich in Chol) during the binge episodes, this could provide a further contribution to the higher Chol concentration seen in these subjects (Zoppi et al. 1993; Sullivan et al. 1998) . Other studies have also suggested a relationship between this bulimic behaviour and hypercholesterolaemia (Crisp et al. 1967; Affenito et al. 1997; Case et al. 1999) . It could be argued that purging does not lead to absorption of the food consumed, but it has been shown previously that a substantial amount of energy is absorbed despite vomiting (Kaye et al. 1993) . The higher concentrations of VLDL-TG and VLDL-Chol in AN-B could be a result of the influence of bingeeating during the present study. Other studies have also found higher TG concentrations (Sanchez-Muniz et al. 1991; Case et al. 1999) and Chol levels in the so-called 'bulimic' type of AN patients. Increases in total Chol and LDL-Chol are seen when highfat diets are given to dieters or to subjects on low-fat diets (Stone, 1994) . This could be due to a markedly decreased tolerance to high Chol intake (Lacombe et al. 1986) . We suggest that the periods of binging in our AN-B patients contributed, in addition to the mobilisation of Chol from peripheral tissues, to the higher LDL-Chol levels. In this context, the significantly higher plant sterol campesterol: Chol ratio, an indicator of Chol absorption (Miettinen et al. 1990) , does not reflect a higher absorption of Chol in the whole AN group compared with CO. Nevertheless in AN-B, the inverse correlation of campesterol with lathosterol (results not shown) indicates that Chol absorption reduced Chol synthesis. In AN-R patients, campesterol was correlated significantly positively with lathosterol (results not shown), which indicates that the serum concentration of the plant sterol reflects its own absorption (Miettinen et al. 1990) .
Another aspect of Chol metabolism to be considered is its degradation to bile acids. Nestel (1974) proposed that reduced bile acid formation could be responsible for hypercholesterolaemia observed in his AN patients. We therefore analysed 7a-HCO, which is closely correlated with total bile acid synthesis in human subjects (Axelson et al. 1988) . Our AN patients showed, as a whole group, no significantly different concentrations compared with the CO group, but the division into the AN-R and AN-B subgroups revealed significantly higher concentrations in the AN-B compared with the AN-R patients. One possible explanation for this observation could be that the bingeeating episodes lead to a higher activity of cholesterol 7a-hydroxylase, but the literature showed only a partial stimulating effect of Chol intake on the activity of this enzyme in human subjects (Lin & Connor, 1980) . We propose that purging leads to an interruption of the enterohepatic circulation, which has been shown to increase bile acid production (Angelin, 1991) . Thus, in the AN-B patients the increased degradation of Chol to bile acids did not lead to a depletion of the Chol pool in the hepatocytes followed by increase of Chol synthesis and/or number of LDL receptors as under normal circumstances (Brown & Goldstein, 1986; Angelin, 1991) , because low lathosterol:Chol ratios and elevated LDL-Chol levels were similar in AN-B and AN-R. The lower concentration of the bile acid precursor in the AN-R group could be due to continuously reduced energy consumption, which can also be seen under acute energy restriction (Mazzella et al. 1995) . Under these circumstances, the need for new bile and bile acids could be maximally reduced and bile flux and bile acid circulation would be downregulated. Furthermore, more efficient reabsorption of bile acids due to prolonged intestinal passage time (Bertolotti et al. 1995) could lead to the inhibition of cholesterol 7a-hydroxylase (Björkhem et al. 1987) .
In conclusion, the results of the present study show that AN patients have higher LDL-Chol compared with healthy volunteers, although the differences were smaller than expected on the basis of the existing literature. A final answer to the reasons for increased Chol concentrations in AN can still not be given, although some possibilities can be proposed. It is clear that differences in the lipid metabolism of AN and CO would have been disguised if the clinical appearance of the eating disorder had not been taken into account. In both AN subgroups the weight loss and, as a consequence, the loss of TBF contributed to the higher Chol levels. Furthermore, the decrease in thyroid hormones levels as adaptive responses to chronic starvation in order to conserve metabolic fuels are clearly important factors influencing Chol metabolism. Particularly in the AN-R group, the decreased bile acid synthesis and therefore the decreased Chol catabolism could contribute to the higher LDL-Chol levels. In the AN-B group, the frequent number of binges probably leads to higher ingestion of Chol, which contributes to the inhibition of the Chol synthesis. Enhanced bile acid synthesis as a consequence of the purging behaviour does not seem to result in lower Chol levels. The clinical relevance of dyslipidaemia for CVD risk in AN remains to be established. AN seems to be a helpful model to study mechanisms of lipid disorders in human subjects in vivo.
